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hticense.Abstract Introduction: Liver transplantation can be done by three different methods: Cadaveric,
heterotopic and living donor liver transplantation (LDLT). In LDLT usually the right lobe of a
donor liver is transplanted into the patient after proper volumetric studies. The native patient bile
ducts are connected to the biliary tree of the transplanted liver segment.
Patients and methods: From January 2010 to August 2011, 50 potential LDLT donors were eval-
uated with preoperative MRCP.
Results: The radiologist evaluated the visualization of the common duct, right and left intra-hepa-
tic ducts, and insertion of the right posterior lobe duct. The data were classiﬁed according to Huang
and Hakki classiﬁcations. According to the more detailed classiﬁcation of Hakki 13 patients (26%)
were Type K1; 15 patients (30%) were Type K2a; three patients (6%) were Type K2b; 11 patients
(22%) Type K3a; four patients (8%) were Type K3b; two patients (4%) were Type K4 and no
patients were Type K5. Two patients with unclassiﬁed anatomical biliary pattern were encountered.
In conclusion, this study has shown an extremely high accuracy of MRCP in preoperative assess-
ment of live hepatic donors, which aided in the style and procedure of the operation and ultimately
to a high success rate of the transplantation procedures.
 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.Hussein El Memar Street,
Egypt. Tel.: +20 123080177;
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Liver transplantation can be done by three different methods:
Cadaveric, heterotopic and living donor liver transplantation
(LDLT).
In cadaveric liver transplantation there is replacement of a
diseased liver by a whole healthy liver. In heterotopic trans-
plantation addition of a donor liver at a different site is done,
whereas the diseased liver is left intact. In living donor liver
transplantation replacement of a whole diseased liver with a
part of a healthy liver is done (1).gyptian Society of Radiology and Nuclear Medicine.
.02.013
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donors with brain death or cadaveric donation. There is also
an increased need for liver transplantation in most parts of
the world with consequent increasing number of patients in
waiting lists, which lead to an inadequate counterbalance
to cadaveric transplantation. That is why living donor
liver transplantation (LDLT) surgery is increasingly
performed (1).
In LDLT usually the right lobe of a donor liver is trans-
planted into the patient after proper volumetric studies. The
native patient bile ducts are connected to the biliary tree of
the transplanted liver segment, either by choledochocholedo-
chostomy or choledochojejunostomy to connect the graft to re-
cipient’s common bile duct (1).
There are many normal variants of the biliary anatomy
which represent a challenging point in the surgical planning
of living donation. Therefore the donor’s biliary system should
be analyzed preoperatively to establish bile duct variations,
plan the appropriate surgical resection technique and the
method for biliary anastomosis (2).
There are many techniques that can be used for pre-oper-
ative biliary mapping such as Magnetic Resonance
Cholangiopancreatography (MRCP), endoscopic retrograde
cholangiopancreatography (ERCP) and (Computed tomogra-
phy) CT cholangiography. ERCP is an invasive technique
with known complications and hence not preferred in healthy
subjects. CT cholangiography may also cause side effects due
to the used contrast media, and so is also relatively contrain-
dicated in that group of subjects. MRCP is non invasive, pre-
cise and does not require contrast media making it the most
appropriate investigation for preoperative biliary mapping
(2).
Many classiﬁcations are available for the biliary anatomy,
most of them depend on the site of insertion of the right pos-
terior hepatic duct (RPHD) into the biliary tree (2).
A single biliary-enteric anastomosis can be made with rela-
tive ease in case of normal biliary anatomy. However, double
anastomosis, which is a more difﬁcult process, is performed,
both in common junction of RAHD, RPHD and LHD, and
in RPHD drainage to the left hepatic duct or the common he-
patic duct to prevent postoperative biliary leakage or segmen-
tal atrophy (3).
Another factor, which is the distance between the insertion
of the RPHD and the conﬂuence of the right anterior and left
main hepatic ducts, was added by other classiﬁcations (4).
The standard surgical techniques, mandate to classify sub-
jects, in which the distance between RPHD and the conﬂuence
of the RAHD and left hepatic duct junction is 1 cm or less, as a
common junction of RAHD, RPHD and LHD (trifurcation
pattern) (4).
This reclassiﬁcation necessitates modifying the biliary anas-
tomosis. Accordingly, many subjects who would pre-surgically
be considered for single anastomosis actually need double
anastomosis or a more demanding microsurgical single anasto-
mosis technique (5).
Hakki et al. (6) presented a classiﬁcation for the biliary tree
depending on the site of insertion of the RPHD as well as its
distance from the conﬂuence of the RAHD and the left hepatic
duct (LHD). Furthermore accessory bile ducts and bizarre
unclassiﬁed patterns of biliary tree variants can be encountered
(6).2. Patients and methods
This study was performed in Cairo radiology center. Informed
consent was obtained from all patients before they were eval-
uated with MRCP. From January 2010 to August 2011, 50 po-
tential LDLT donors were evaluated with preoperative
MRCP. The study group was composed of 50 patients
(39 males, 11 females; mean age, 35 years; age range,
19–54 years).
2.1. MRCP technique
Imaging was performed with a 1.5-T MR magnet (Magnetom
Symphony, Siemens Medical Solutions) using a 4-channel
body phased-array surface coil as a radiofrequency receiver.
A localizer was taken (TR/TE: 15/5 ms, Slice Thickness:
10 mm), followed by a T2-weighted – Truﬁ in coronal and ax-
ial cuts (TR/TE: 5/3 ms, Slice thickness: 7 mm). Respiratory
trigger T2- HASTE- axial (TR/TE: 500/84 ms, Slice Thickness
6 mm, FOV: 400 mm, Gap: 6 mm, Flip angle: 150, Matrix:
144 · 256). This was followed by a breath holding T1- FL2d-
axial (TR/TE: 117/4.76 ms, Slice Thickness 6 mm, FOV:
400 mm, Gap: 6 mm, Flip angle: 70, Matrix: 115 · 256). Par-
allel acquisition technique T2- HASTE- respiratory trigger-
Thick Slice thickness- Coronal (TR/TE: 4500/752 ms, Slice
Thickness 40 mm, FOV: 350 mm, Gap: 0, Flip angle: 180,
Matrix: 307 · 384), was then taken for all patients. T2-TSE
3D was the next sequence in our protocol (turbo spin echo
three dimensions) – coronal- respiratory trigger (TR/TE:
1800/678 ms, slice thickness 1.5 mm, FOV: 350 mm, Gap: 0,
Flip angle: 170, Matrix: 384 · 384, Slice resolution: 84).
2.2. Image analyses and statistical analyses
We processed MRCP data sets with MIP and SSD algorithms.
The source images were obtained in two planes, providing a
better anatomic orientation. For the image analysis, a series
of 19 projections rotated by 10 intervals from 90 to 90
was created for each rendering algorithm. The reconstructions
were obtained in the coronal plane. MRCP source images and
MIP and SSD images were closely monitored by the
radiologist.
In general, the radiologist evaluated the visualization of the
common duct, right and left intra-hepatic ducts, and insertion
of the right posterior lobe duct. Then the data were classiﬁed
according to Huang (2) classiﬁcation and Hakki (6) classiﬁca-
tion as follows:
Huang (2) classiﬁcation determines the anatomical varia-
tions according to the insertion of (RPHD):
 Type A1; RPHD opens into the right anterior hepatic duct
(RAHD).
 Type A2; trifurcation pattern of insertion of the RPHD,
RAHD and the left main duct.
 Type A3; the RPHD opens into the left main duct.
 Type A4; the RPHD opens into the CHD.
 Type A5; the RPHD opens into the cystic duct.
Hakki classiﬁcation, on the other hand, divided the biliary
tree variants into the following main types:
Fig. 2 Bar chart showing the different anatomic variants of the
biliary ducts according to Hakki classiﬁcation.
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more than 1 cm from the conﬂuence between the RAHD
and the (LHD).
 Type K2a; the RPHD opens into the RAHD in a distance
1 cm or less from the conﬂuence of the RAHD and the
(LHD).
 Type K2b; trifurcation pattern of insertion of the RPHD,
RAHD and LHD.
 Type K3a; the RPHD opens into the LHD in a distance
1 cm or less from the conﬂuence of the RAHD and the
LHD.
 Type K3b; the RPHD opens into the LHD in a distance
more than 1 cm from the conﬂuence of the RAHD and
the LHD.
 Type K4; the RPHD opens into the CHD.
 Type K5; the RPHD opens into the cystic duct.
 Further accessory bile ducts and bizarre unclassiﬁed pat-
terns of biliary tree variants can be encountered.
All the data were then compared to the operative data col-
lected during the transplantation process, to determine the
accuracy of the MRCP technique.
3. Results
All MR examinations were performed on 50 potential liver do-
nors. All the examinations were completed without complica-
tions. No adverse events were reported by subjects. No
technical failure occurred during the examination or during
data acquisition.
According to Huang classiﬁcation of biliary anatomy
(Fig. 1) our data showed that 30 patients (60%) were type
A1 (RPHD opens into the RAHD); three patients (6%) were
Type A2 (trifurcation pattern of insertion of the RPHD,
RAHD and left main duct); 15 patients (30%) were Type A3
(the RPHD opens into the left main duct); two patients (4%)
were Type A4 (the RPHD opens into the CHD); and none
were Type A5 (the RPHD opens into the cystic duct).
On the other hand, according to the more detailed classiﬁ-
cation of Hakki et al. (Fig. 2) 13 patients (26%) were Type K1
(the RPHD opens into the RAHD in a distance more than
1 cm from the conﬂuence between the RAHD and the
LHD); 15 patients (30%) were Type K 2 a (the RPHD opens
into the RAHD in a distance 1 cm or less from the conﬂuence
of the RAHD and the LHD); three patients (6%) were TypeFig. 1 Bar chart showing the different anatomic variants of the
biliary ducts according to Huang classiﬁcation.K2b (trifurcation pattern of insertion of the RPHD, RAHD
and LHD); 11 patients (22%) Type K3a (Fig. 3) (the RPHD
opens into the LHD in a distance 1 cm or less from the conﬂu-
ence of the RAHD and the LHD); four patients (8%) wereFig. 3 Male donor 27 years old with RPHD joins LHD. Type
K3a (Hakki classiﬁcation). 3D MIP reconstructive images for a
male donor show RPHD joins the LHD at about 0.25 cm away
from the conﬂuence between RAHD & LHD (Block arrow).
Fig. 4 Male donor 30 years old with RPHD drain into CHD.
Type K4 (Hakki Classiﬁcation). 3DMIP reconstructive images for
a male donor show RPHD joins the CHD (Block arrow) at about
0.6 cm away from the conﬂuence between RAHD & LHD.
Accessory RPHD is seen drained into the LHD (Arrow).
Fig. 5 Male donor 27 years old with unclassiﬁed anatomical
map. 3D MIP reconstructive images for a male donor show: (1)
Absent left main bile duct. (2) The Left hepatic lobe is seen
drained by two superior (short block arrow) and inferior (Long
block arrow) biliary radicals. (3) The superior left biliary radical
joins RPHD (arrow) forming a common trunk (0.46cm). (4)
RAHD joins the common trunk forming CHD. (5) The inferior
left biliary radical drains into the CHD.
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than 1 cm from the conﬂuence of the RAHD and the LHD);
two patients (4%) were Type K4 (Fig. 4) (the RPHD opens
into the CHD) and no patients were Type K5 (the RPHD
opens into the cystic duct). Two patients with unclassiﬁed ana-
tomical biliary pattern were encountered (see Fig. 5).
Other associated variants of the biliary anatomy were
encountered in 16 patients during the MRCP examination,
namely one patient showed accessory RPHD inserted into
the LHD, two patients showed accessory segment four duct in-
serted into RAHD, one patient had an accessory RPHD in-
serted into RAHD, one patient showed a high insertion of
the cystic duct into CHD 0.8 cm distal to conﬂuence of
RHD and LHD, four patients showed accessory RPHD in-
serted into CHD, one patient showed two aberrant ducts
draining segments two and three into RPHD and CHD; one
patient had an aberrant segment two duct into RPHD, one
had an aberrant segment three duct into RPHD; one patient
had an aberrant segment four duct into RPHD; one had anelongated cystic duct with medial distal insertion, one had an
accessory RAHD inserted into trifurcation and one patient
showed a high insertion of the cystic duct into CHD 0.7 cm
distal to conﬂuence of RHD and LHD.
In comparison with MRCP to intra operative cholangiog-
raphy (IOC) we found a difference in only two cases one was
set to be type K2a in MRCP (RPHD opens into the RAHD
less than 1 cm) and proved to be type K2b in IOC (trifurcation
pattern of insertion of RAHD, RPHD and LHD) while an-
other case was classiﬁed type K2b in MRCP and proved to
be type K3a in IOC.
Fig. 6 shows the comparison between type classiﬁcation dis-
tribution in MRCP and IOC.
Statistical Package for Social Science (SPSS) version 9.0
was used for analysis of data.
The difference between MRCP and IOC was statistically
insigniﬁcant according to the Kappa method = 0.95 with p-
value < 0.001.
From Table 1 and Fig. 6, we calculated the sensitivity, spec-
iﬁcity and accuracy of MRCP in assessment of biliary variants
in comparison to intra operative cholangiography (IOC)
Sensitivity = 100%.
Speciﬁcity = 85%.
Accuracy = 98%.
Fig. 6 Bar chart showing the different anatomic variants of the
biliary ducts in MRCP and IOC.
Table 1 The different anatomic variants of the biliary ducts in
MRCP and IOC.
Type MRCP % IOC %
K1 26.0 26.0
K2a 30.0 28.0
K2b 6.0 6.0
K3a 22.0 24.0
K3b 8.0 8.0
K4 4.0 4.0
Unclassiﬁed 4.0 4.0
Total 100.0 100.0
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The most important therapeutic option for adult patients with
end-stage liver disease is LDLT. Highly encouraging results
have been reported up to 1 year graft and patient survival rate
up to 80% (7,8).
However, LDLT is a challenging surgical procedure and the
donor safety has tobe of utmost importance. Themost important
post operative complications encountered after LDLT are biliary
complications presenting in up to 30–50% of patients (9,10).
Accurate preoperative imaging is crucial to assess the bili-
ary anatomy of a living donor candidate. An accurate under-
standing of a donor’s biliary anatomy is essential for safe
donor hepatectomy and to reduce recipient biliary complica-
tions (11).
MRCP has potential as a noninvasive, non-biohazardous
diagnostic technique for evaluating LDLT donors. Various
MRCP techniques have been reported in the literature.
The MR technique used in this study proved sufﬁcient to
provide the ductal information required to optimize the trans-
plant procedure of living related liver donors. The MR strat-
egy which replaces the CT for assessment of the biliary duct
system eliminates the need to expose the potential donor to
ionizing radiation and nephrotoxic contrast agents, as well as
ERCP, thus reducing the cost and associated pain and poten-
tial risks for complications (12).Precise knowledge of the anatomy of the biliary system and
its variants help in planning the harvest procedure and hence
enhance transplant survival. MRCP conveyed the required
data with great accuracy, as seen by the correlation with intra-
operative ﬁndings (12).
There is a high incidence of biliary variants (13–15) as seen
in a lot of research studies, thus a thorough analysis of the bil-
iary anatomy is essential for the surgical outcome in living do-
nor liver transplantation. Failure to recognize even minor
intrahepatic branches crossing the dissection line can result
in severe postoperative biliary leakage (16). This study showed
an incidence of 34% who had some form of biliary variations.
We categorized them according to the two major classiﬁca-
tions: Huang classiﬁcation and the more detailed classiﬁcation
of Hakki. The highest incident of biliary variants encountered
in our study was type A1 according to Huang classiﬁcation,
where the RPHD opens into the RAHD in 60% of the pa-
tients; and Type K2a according to Hakki classiﬁcation where
30% of patients showed the RPHD opening into the RAHD
in a distance 1 cm or less from the conﬂuence of the RAHD
and the LHD.
Less common variations encountered in our study included
6% with type A2 (trifurcation pattern of insertion of the
RPHD, RAHD and left main duct; 30% with type A3 (the
RPHD opens into the left main duct) and 4% with Type A4
(the RPHD opens into the CHD) according to Huang
classiﬁcation.
Whereas, according to Hakki et al., classiﬁcation 26% were
Type K1 (the RPHD opens into the RAHD in a distance more
than 1 cm from the conﬂuence between the RAHD and the
LHD); 6% were Type K2b (trifurcation pattern of insertion
of the RPHD, RAHD and LHD); 22% Type K3a (the RPHD
opens into the LHD in a distance 1 cm or less from the conﬂu-
ence of the RAHD and the LHD); 8% were Type K3b (the
RPHD opens into the LHD in a distance more than 1 cm from
the conﬂuence of the RAHD and the LHD), 4% were Type K4
(the RPHD opens into the CHD) and 4% were unclassiﬁed bil-
iary anatomical pattern.
Then all MRC images were compared with intra-operative
cholangiography (IOC) ﬁndings.
Compared with IOC ﬁndings as the reference standard,
MRC revealed the accurate and detailed anatomy of the bili-
ary system in 48 (98%) of 50 subjects.
MRCP has been shown in other research studies to be 98%
accurate in diagnosis of aberrant hepatic ducts (18). Our study
showed a similar 98% accuracy in the diagnosis of hepatic duct
variants.
The preoperative obtained information rarely leads to
exclusion of the donation process or a dramatic change of
the surgical procedure, however, knowledge of biliary varia-
tions may require a thorough exploration to localize the criti-
cal structures. This ultimately leads to reduction of
complications mainly biliary leakage, helps in planning the
surgical procedure and the harvested liver segment considering
the volumetric estimation which is crucial for the whole trans-
plantation procedure for both donor and recipient. Also, a bet-
ter understanding of the anatomy allows operations to go in a
more directed style (17).
The most common biliary variants are the ones mentioned
and classiﬁed in Huang and Hakki’s classiﬁcations. However
other possibilities of biliary variants are theoretically endless
136 N.R. Barsoum et al.and also rare and they do not follow a speciﬁc pattern so every
study can get different types and so they are not classiﬁed.
In conclusion, this study has shown an extremely high accu-
racy of MRCP in preoperative assessment of live hepatic do-
nors, which aided in the style and procedure of the operation
and ultimately to a high success rate of the transplantation
procedures.
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